, and fruit size and weight (Hartmann et al., 1959) . Color was not a reliable indicator (Pitman, 1930) , and oil content varied too greatly with environmental and edaphic factors (Hartmann et al., 1959; Hilts and Hollingshead, 1920) . Hartmann et al. (1959) concluded that fruit size and firmness had the greatest potential as indicators of fruit maturity. However, in their work, firmness correlated poorly with crop value. A review of the literature indicates that size has the best potential for indicating olive maturity.
Currently, growers rely on gradual disappearance of whitish lenticels, a characteristic green to straw (yellow cast) with a purple blush color change, and presence of a milky exudate when punctured. These changes occur over 2 to 6 weeks, depending on crop size, environmental and edaphic factors, and fruit location and exposure. These qualitative harvest time indicators initially appear reasonable since the change to straw color begins after the maximal gains in fresh weight, moisture content, and dry matter (other than oil) content (Hartmann, 1949) . However, in a competitive production situation, it is difficult to achieve precision with such qualitative factors. Also, there are few olive processors in California and, as such, all growers cannot deliver simultaneously. If the industry does have to develop a prorated delivery structure in the future, those growers required to deliver at a less than optimally profitable time must be compensated.
When the olive crop is delivered to the processor, value is determined by total weight delivered, percentage composition of the crop by fruit size, and condition, primarily color development and over-ripeness. The priority of these factors in the production of olive value at harvest and how they interact has never been determined. This interaction is particularly important, as individual olive fruit size has demonstrated a strong negative correlation with crop load; the higher the yield, the smaller the fruit (Hartmann, 1952) . Currently, the ripe-black processing olive market demands fruit within the middle size ranges, designated as standard (S), medium (M), large (L), and extra-large (XL). Unlike most fresh and processed fruits, sizes larger than these produce diminishing returns due to limited demand. Because olives smaller than these popular canning sizes bring even less return, a high tonnage per hectare combined with picking costs of more than $250/ton can easily result in a financial loss. An earlier study by Sibbett et al. (1986) demonstrated that delaying harvest can result in significantly higher grower returns. However, no easily measurable maturity index that can serve as a reliable predictor of optimum harvest time has been developed for field use.
Our hypothesis was that olive size, as one of the primary factors in determining olive crop value, is also the single best field-measurable characteristic for predicting the optimum harvest time.
This experiment took place in a mature (planted 1971) commercial 'Manzanillo' olive orchard, Madera County, San Joaquin Valley, Calif., spaced at 5 × 10 m (237 trees/ha), with fogger irrigation and maintained under standard commercial production practice}. Care was taken to select blocks with a known history of moderate cropping, as extremely lightly or heavily cropped trees could produce skewed data. The experimental design was a randomized complete block consisting of 10 blocks of nine trees each, repeated randomly within four adjacent rows and repeated with equivalent, but different, trees each year. During 1984 During ,1985 During , and 1986 , a single tree from each block, for a total of 10 individual replications, was harvested weekly for 9 weeks from mid-September through mid-November. Individual, total tree yield was weighed before three subsamples (10 kg each) from each tree were graded using a commercial processor to determine value. In 1985 and 1986, three additional 2.5-kg subsamples from each tree were analyzed for percent composition by size, fruit, flesh and pit weight, ratios of the same, fruit volume, fruit weight : volume ratio (density), color, firmness, flesh oil and dry matter content, pH, ºBrix, and fruit floatability. Fruit removal force and fruit drop on harvested trees were measured on the trees before harvest.
Fruit weight and volume were determined on the same sample and fruit weight : volume ratio was calculated from these mea- tionship between total yield (in t·ha -1 ) and net crop value (in dollars/ha) at 237 trees/ha, and (C) the relationship between total combined percentages of standard, medium, large, and extra-large olives and crop value response as net value per hectare (NVH) given in $1000s/ha. surements. Pits were extracted; using a food blender during 1985 and a potato peeler during 1986, washed, air-dried at room temperature for 5 days, and the weights of 100 pits determined. Then flesh weight and the flesh : pit weight ratio was calculated.
Fruit size was determined according to the U.S. Dept. of Agriculture (USDA) and the California Dept. of Food and Agriculture (CDFA) size standards of extra-large (XL), large (L), medium (M), standard (S), and petite or small (P) (California Dept. of Food and Agriculture, 1987) . Each size category is presented as the percentage of the total sample by count. Thus, the datum for each harvesting date is based on sizing 1000 fruits, i.e., 10 replicates x 100 fruits each. During 1986, the percentage of each size category was also determined on a weight basis, which was generally very similar to that determined by count. Therefore, only percentage by count is presented, as it is the easiest to conduct, particularly in the field.
Fruit firmness was determined using a Ametek (Lansdale, Pa.) pressure tester equipped with a 0.31-mm-diameter flat tip. Two readings were recorded on the peeled cheeks for each fruit. Thus, firmness value for each harvesting date represents the mean of 2000 measurements.
Fruit floatability was determined by floating the fruits for 10 rein, with occasional gentle stirring, in 25-cm-deep water in a 75 × 75 × 30-cm stainless steel container.
Flesh pH and ºBrix were determined on the juice obtained by piercing the fruits, removing the pits, blending the pulp with distilled water (1: 1, w/v), and then straining the puree through cheesecloth and centrifuging the filterate.
Flesh dry matter and oil content were determined by blending the fruits with distilled water (1 flesh weight : 1 water, w/v) using a Waring blender with modified blades to minimize breaking of pits. Five milliliters of the puree was then transferred to a predried glass fiber pad (9.7 × 11.7 cm, 0.92 g), covered with another predried pad, and dried to a constant weight in a microwave oven (CEM Corp., Indian Trail, N. C.) for 7 min at 60% power, a predetermined optimum condition. The microwave oven was equipped with an analytical balance and an automatic read-out for initial and final weights, weight change, and percent dry matter of the sample. Data were adjusted for the dilution factor. Some pads were extracted with ether for oil determination from each puree of each replicate. Results of the two oil determinations were similar, and the means of the two determinations were used for the statistical analysis.
The stepwise multiple regression analysis (Little and Hills, 1978) used net value per hectare (NVH), as determined by the processor, as the dependent variable (Y). Thus, NVH = (processor payment/hectare) -(picking cost/hectare). The objective of using net value was to account for the effect of less-profitable olive sizes. The measured physical and chemical criteria were used as the independent value (X) in the multiple stepwise regression analysis.
An additional 1987 trial was conducted to determine whether the weight gain of individual olives within size classes thoughout the season accounted for the increase in crop value. This trial was conducted in the same orchard on a similar block of trees as the other tests. The completely randomized experimental design consisted of 20 matched tree pairs, one lightly and one heavily cropped, randomized in six adjacent tree rows. Individual 5-kg samples from the 40 trees were harvested weekly from mid-Sept. through mid-Nov. 1987. These individual samples were sorted according to fruit size, and 10 olives within each size class were individually weighed. The results were analyzed as an analysis of variance using the eight harvest dates as treatments. The heavily cropped and lightly cropped trees were analyzed separately.
Stepwise multiple regression revealed that the total percentage of standard, medium, large, and extra-large olives was the most precise indicator of optimal harvest time. As the independent variable (X), this totaled percentage produced linear coefficients of correlation ( R 2 = 0.93***) in both 1984 and 1985 (Figs. lC and 2C, respectively) . All the following physical and chemical characteristics measured produced weak or insignificant linear coefficients of correlation: total yield/tree, fresh individual fruit and pit weights, fresh flesh and pit weights, ratios of these, fruit volume, fruit density, color, firmness, flesh oil and dry matter content, pH, ºBrix, and fruit floatability (data not shown). Additionally, some of the criteria would have been unsuitable for developing an easily field-adaptable monitoring technique, unlike size determination, which is easily done in the field. These results are consistent with a related study conducted by Sibbett et al. (1986) that suggested that delaying olive harvest produced greater returns as a result of higher harvest tonnage. However, their study did not demonstrate the dynamics of this weight increase or how to predict optima.
The data given here delineate the dynamics of this increase in commercial value and suggest a way to determine the optimal harvest time. The combined percentages of standard, medium, large, and extra-large olives (Figs. 1A and 2A ) and the NVH (Figs. lB and 2B) increased simultaneously. Further, the relationship between yield, expressed as tons per hectare, and NVH is poor (Figs. lB and 2B ). This result confirms the hypothesis that the optimum harvest period partially depends on, and is best predicted by, the percentage composition of fruit size grades. The total tonnage increases are the result of a higher percentage of larger olives, not the result of increases in specific gravity or individual olive density, as growers commonly believe.
A weaker, nonsignificant correlation of 0.42, obtained in 1986 (data not shown), was due to lightly cropped trees with an extremely high percentage of large fruit, a later start in harvesting (22 Sept. 1986 vs. 17 Sept. 1984 and 19 Sept. 1985 , daytime temperatures between 23 to 29C, strong winds, and a malfunctioning irrigation system. This produced desiccation of the olive fruits. Thus, while olive sizes were relatively unaffected, the overall tonnage decreased and, in turn, NVH decreased. This problem did not negate the hypothesis that value is primarily determined by olive size, as these dehydrated olives were not representative of normal olives.
Growers commonly believe that a medium-size olive is heavier in late October than in early October. However, as these results demonstrate, olives within the same size class maintained virtually the same weight throughout the season (Figs. 3 A and B) . Additionally, the weight of individual olives within the size classes appear independent of tree crop load; e.g., a medium-size olive weighs ≈4 g throughout the season on both a lightly cropped (Fig. 3A) or a heavily cropped (Fig. 3B) tree. However, as in other drupes, it has been well-demonstrated in olives that lightly cropped trees will have a higher percentage of the large-size fruit than heavily cropped trees (Hartmann, 1952) .
Our studies suggest that individual olive size is a major component of olive crop value and also the best indicator of the optimal harvest period. Particularly, olive size is the determining factor in individual olive weight and, therefore, total tonnage. Therefore, determining how to monitor the percentage increase in profitable olive sizes through the harvest season and how to use this information to predict the optimal harvest period could provide a more accurate index of optimal harvest time than the currently used observation of olive color change.
However, because net return to the olive grower fluctuates annually due to changing harvest costs and payment by processors, the optimal harvest time cannot be calculated by entering the total percentage of standard, medium, large, and extra-large olives into the regression equations given in Figs. lC and 2C because the slope and Y-intercept change annually. Based on the results obtained by us, the test devised for the field application of this information is as follows: Starting in mid-September, collect daily samples of 100 olives randomly from around a given tree, reaching as high and low as possible. Using the olive size grades, as defined by the USDA and CDFA (California Dept. of Food and Agriculture, 1987) and generally available as perforated cards from processors, divide the 100 olives into size classifications and calculate the percentage of fruits in-each class. When the total percentage of standard, medium, large, and extra-large olives reaches 40% to 50% and is increasing by 1% to 3% daily, the optimal harvest period will commence within 1 week and last ≈3 weeks.
As with all field applications, some variation exists. Tree crop load could have a great influence (Hartmann, 1952) . This experiment did not specifically address how crop load affects this field technique for predicting the optimal harvest time. However, there is no reason to suspect that olives would not behave like other drupes and mature a light crop earlier than a heavy crop. OCT. NOV. 
